Over the last several decades, cardiovascular diseases largely increase the morbidity and mortality especially in developed countries, affecting millions of people worldwide. Although extensive work over the last two decades attempted to decipher the molecular network of regulating the pathogenesis and progression of these diseases, evidences from clinical trials with newly revealed targets failed to show more evidently salutary effects, indicating the inefficiency of understanding the complete regulatory landscape. Recent studies have shifted their focus from coding genes to the non-coding ones, which consist of microRNAs (miRNAs), long non-coding RNAs (lncRNAs) and the lately re-discovered a unique group of RNAs-circular RNAs (circRNAs). As the focus now has been shifted to the newly identified group of non-coding RNAs, circRNAs exhibit stability, highly conservation and relative enriched expression abundance in some cases, which are distinct from their cognate linear counterparts-lncRNAs. So far, emerging evidence begins to support the critical role of circRNAs in organogenesis and pathogenesis as exemplified in the central nervous system, and could be just as implicative in the cardiovascular system, suggesting a therapeutic perspective in related diseases.
Introduction
Cardiovascular diseases (CVD) represent a constellation of disorders in the circulatory system, which include atherosclerosis (AS), cardiac hypertrophy, myocardial infarction (MI), and heart failure (HF). Conventional theory has implicated a group of well-defined risk factors in cardiovascular pathogenesis, including high glucose levels, dyslipidemia, elevated blood pressure, overweight, and proinflammatory state. 1 For one thing, preventive measures, such as lifestyle modification, are recommended to lower the risk. For another, pharmacological treatments using traditional drugs like renin-angiotensin blocking agents, lipids-modulating drugs, beta-receptor inhibitors, and antithrombotic agents, have failed to hold back the progression of AS. Moreover, surgical interventions, like percutaneous coronary intervention (PCI) and bypass grafting surgery, are highly invasive measures. Above all, painful efforts have long been paid to stall the initiation and progression of acute coronary artery disease (CAD) whereas none of these therapies really addresses in the rising prevalence of CAD. Basic science studies are concentrating in identifying potential therapeutic targets of these diseases, which highlights the crucial need for an in-depth and comprehensive understanding of the underlying molecular mechanisms.
To unravel the pathological mechanisms on a wider scale, systematic and unbiased research techniques are designated at the gene, RNA or protein levels. Early proteomic approaches have been previously employed to discover proteins with pathogenic potential in CAD. A case in point is a study employing an unbiased lipoproteomicbased approach offering a deeper insight into how statin therapy affects lipoproteins and their protein cargo. 2, 3 However, the extremely low protein concentrations, often in the nano or picomolar range, making it harder to be an ideal disease-related biomarker. 4 The genome-wide association studies' (GWAS) findings are mostly focusing on identifying the disease-related single-nucleotide polymorphisms (SNPs), which may underscore the importance of genetic variants in various kinds of diseases.
Impact statement
Circular RNAs are important regulators of multiple biological processes such as organogenesis and oncogenesis. Although the bulk of concerning studies focused on revealing their diversified roles in various types of cancers, reports began to accumulate in cardiovascular field these days. We summarize circular RNAs implicated in cardiovascular diseases, aiming to highlight the advances in the knowledge of such diseases and their potential of being promising target for diagnosis and therapy.
Chromosome 9p21 is one well-known genetic locus tightly linked to CAD. 5, 6 As population-based studies, standard statistical analysis of SNP researches are highlighted to find possible pathogenic genetic loci. 4 The latest transcriptome sequencing technology has revealed multiple functional roles of RNAs distinct from coding genes and are widely implicated in diseases. Assisted by the Encyclopedia of DNA Elements project which aims to decipher gene's all functional elements and together with the support from the Functional Annotation of the Mammalian genome program, non-coding transcripts (known as noncoding RNAs, ncRNAs) have been recognized in varied biological roles. 7 Two categories of ncRNAs are generally classified according to the nucleotide size: small ncRNAs (<200 nt), and long non-coding RNAs (lncRNAs, >200 nt), represented by microRNAs (miRNAs), tRNA, rRNA, snRNA, snoRNA as well as long lncRNAs. They take an active part during various CVD. For instance, microRNA-21 contributes to myocardial dysfunction and microRNA-155 inhibits neovascularization. 8, 9 As for lncRNAs, uc022bqs.1 (LIPCAR), confined to mitochondria, promotes cardiac remodeling after MI. 10 And Myheart, associated with the heavy chain of myosin, is cardioprotective with an antihypertrophic effect. 11 Braveheart, a heart-associated lncRNA affects the cardiovascular lineage during its development. 12 Moreover, manipulating lincRNA-p21 results in altered proliferation of vascular smooth muscle cell (VSMC) as well as their apoptotic rate, which underlies an important pathological mechanism of AS. 13 However, in spite of the intensive research performed on miRNAs and lncRNAs, biological relevance of other types of noncoding molecules began to emerge, as exemplified by the re-discovery of circular RNAs (circRNAs) originally identified about two decades ago, adding more complexity to epigenetic regulation. 14 In this review, we explore the circRNAs involved in the pathogenesis of CVD, aiming to highlight their potential in the physiological and pathological function of the cardiovascular system.
Characteristics, biogenesis, and classification of circRNAs
Considered as a "splicing error" or "splicing noise" for a long time, circRNAs have been re-discovered for their biological importance in tissue development and diseases. Unlike the canonically spliced linear RNA, circRNA lacks both 5' and 3' termini and form covalently closed loop when the latter exon's 3' tail end is linked to the former exon's 5' head, resulting in its unique circular structure. Accumulating evidence shows these "back spliced" circRNAs are ubiquitously transcribed with diversified spliced isoforms creating variations by the cell type. 15 RNA-seq data show that more than 1000 circRNAs have been detected in adult tissues involving the colon, heart, kidney, liver, lung, and stomach. About one-third to onehalf is tissue-specific and 33 circRNAs are comprehensively shared. Fetal tissues generate far more circRNAs than those from adults, which is further supported by their kinetic variations at different time points in human and mouse tissues. 14, 16 Therefore, circRNAs have a dynamic, spatiotemporal specificity in common with their linear counterparts. 15, 17, 18 However, the unique circular structure enables them to have a longer half-life perhaps due to an insusceptibility to ribonuclease R (RNase R), which makes them more stable and optimal for being a biomarker. Moreover, they are generally more conserved across species and more abundant in expression, indicating a functional importance in life. 19 Since the first well-studied circRNA, ciRS-7 (CDR1as) came to show its participation in brain development, more studies on functional circRNAs are accumulating.
14 Notably, a circRNA profiling found an enrichment of more than 9000 circular species among the hearts of different species (mouse, rat and human) of which as much as 1288 are shared, implicating a functional importance in this system. 20 The mechanism of circRNAs biogenesis is currently supported by hypothetical theories: (1) Direct backsplicing: the formation of varied types of circRNAs is assisted by several different mechanisms. Generally, these regulatory elements include reversed complementary sequences which are usually contained within flanking introns (e.g. IRAlus; "intronpairing"), RNA binding proteins (RBPs; e.g. Quaking) or spliceosome by forming a base pairing induced close proximity within these flanking sequences. [21] [22] [23] [24] (2) lariat-driven circularization ("exon skipping"): Circularization is promoted by a "lariat" structure usually followed by debranching and a fast exonuclease-mediated degradation. The repeated complementary flanking elements (e.g. ALU) in introns accelerate this process by reverse complementary matches. 25, 26 Therefore, circRNAs transcribed from distinct genomic loci consist of different elements and are categorized accordingly. Exon-derived circRNA constitutes the most discovered or studied type yet but mostly for its conduction of post-transcriptional regulation in the cytoplasm. 27 In contrast, intronic circRNAs (ciRNAs) are a niche group, retained in the nucleus and affect gene transcription. 28 Moreover, the intron-exon circularization gives rise to exon-intronic circRNA (EIciRNA), which is suggested to be involved in the promoted transcription of parent mRNA. 29 The biogenesis and classification of circRNA are summarized in Figure 1 .
Functional models of circRNAs
CircRNAs exert their biological functions through different ways depending on their types. Generally, most circRNAs are exon-derived and thus often regulate gene expression post-transcriptionally in the cytoplasm mainly by exerting an "miRNA sponge" effect. As a result, these circular transcripts are marked as a new kind of ceRNAs able to silence miRNAs by complementary base paring. Therefore, they "rescue" the expression of target gene by inhibiting miRNAs-mediated mRNA degradation, e.g. CDR1as, whose binding sites for miR-7 can be added up to 63, setting an example for this circRNA-miRNA interaction in brain development. 14, 21, 30 In contrast, intron-retained circRNAs (including ciRNAs and EIciRNAs) usually convey a cis-regulatory effect on gene transcription within the nucleus. This process involves an interaction with nuclear proteins like RNA polymerase II (Pol II) or U1 small nuclear ribonucleoproteins (snRNPs). 31 In addition, circRNAs could also bind to protein for further biological function. For example, the binding between circFoxo3 and transcription factors which include ID1, E2F1, and hypoxia inducible factor 1 alpha (HIF-1a) makes contribution to their nuclear translocation, and thereby, promotes both cell proliferation and survival. 32 In recent years, internal ribosome entry site (IRES) sequence, which has been reported to be capable of binding to ribosome or infinite open reading frame (ORF), has been discovered in circRNAs, initiating investigations into the coding potential of circRNAs. For instance, circ-ZNF609, a 753nt ORF in this circRNA could be translated into a protein and thus play roles in myogenesis. 33 Meanwhile, circ-FBXW is found to encode a 21-kDa protein, FBXW7-185aa in human brain cells, which takes part in maintaining cancer malignancy. 34 A summary of different functional models of circRNAs is shown in Figure 2 .
Role of circRNAs in CVD
Clinical value of circRNAs in the diagnosis of CVD.
Conventional diagnostic methods for CVD are either noninvasive or invasive. For one thing, electrocardiogram (ECG) and Holter monitoring are convenient noninvasive techniques which have been widely acceptable but are limited by poor sensitivity and specificity. Coronary computed tomography angiography (CTA) is economically prohibitive. For another, invasive examinations which include: coronary arteriography and intravascular ultrasound are not beneficial during the onset of pathological change. As a result, there is a desperate need to seek a non-invasive biomarker which is highly sensitive, specific and effective in the diagnosing coronary heart disease (CHD) during its early stage.
Optimal biomarkers may be non-invasive indicators of CHD if they are consistent with accessibility, high stability, and reliability. For circRNAs, the circular structure promotes stability by eliminating RNase R-mediated degradation and thus extending their half-life in fluids. Additionally, circRNAs are dynamically and differentially expressed in various pathological conditions, which highlight their high sensitivity and specificity in diseases. Furthermore, circRNAs are recently found to be highly enriched in human's saliva, body fluids, and even exosomes, whose collection and extraction could be easily attained through a relatively non-invasive method. Their wide distribution enhances the accessibility of detecting with diversified test materials. 35, 36 Multiple studies have evaluated the diagnostic performance of circRNAs in various types of tumor such as ciRS-7 which is suggested in hepatocellular carcinoma and SRY in cholangiocarcinoma. 37 Therefore, it is intriguing to study the diagnostic potential as well as assess the clinical value of harnessing circRNAs in detecting CVD.
Diagnosis of CAD using the up-regulated has-circ-0124644 enhances the sensitivity to 0.861, the specificity to 0.626 while the odds ratio (OR) is adjusted to 1.931 [1.511-2.467] and the overall area under the curve (AUC) is up to 0.804 [0.751-0.857]. Notably, when hsa_circ_0098964 is also included, the diagnostic value further increases resulting in a highly sensitive and specified method (0.825 and 0.730) and showing an advantage over ECG (0.290 and 0.670) and TET (0.731 and 0.693). 38 In addition to the detection of CAD as a single disease entity, hsa-circRNA11783-2 has been found to be down-regulated in both CAD and type 2 diabetes mellitus (T2DM) patients. The result was based on a cohort study with a large population which found that its ....................................................................................................................................................... ..... diagnostic value was not satisfactory in the detection of CAD alone though subgroup analysis of this circRNA showed good diagnostic value in CAD when combined with T2DM. Considering a persistent growth of CAD patients with metabolic problems, hsa-circRNA11783-2 may be an ideal biomarker for this group of patients. 39 Alternatively, circRNA circR-284 is identified in human VSMC as well as in carotid plaques. The increased circR-284 to miR-221 ratio indicates a high potential of being an efficient biomarker whose sensitivity is as much as 0.93 which is consistent with a remarkable specificity of 0.97, and as well as a significant AUC of 0.98 [0.96-1.00] for the prediction of plaque rupture and stroke. 40 MI has long been recognized as a serious and even a fatal complication of CAD. Patients suffering from MI are susceptible to end-stage HF. Circulating proteins, like the brain natriuretic peptide (BNP), are widely used for its clinical diagnosis. However, HF-associated BNP favors a delayed determination which is not ideal for tailoring therapeutic strategies during their early stages. 41 Based on a blood transcriptome investigation, a newly identified circRNA named MI-associated circular RNA (MIRCA) correlates with the left ventricular dysfunction post-MI. MIRCA is significantly down-regulated in patients with a reduced ejection fraction (EF) of less than 40%, which helps a more stratified risk classification. Compared to a slower reaction of protein in serum, the fast dynamic changes in the transcriptome make it possible for MIRCA to be a better indicator of distinguishing MI patients who have high risks of developing HF. Furthermore, utilization of MIRCA together with NT-pro-BNP adds more credibility to prognostication as dictated by the Akaike Information Criteria. 42 And circRNAs with diagnostic potential are summarized in Table 1 .
Functional circRNAs in cardiovascular disease
Atherosclerosis and coronary heart disease. It has been long accepted that the endothelium takes a critical part during the pathogenesis of AS. It is well established that endothelia damage initiates the onset of AS and facilitates atheromatous plaque formation. Several circRNAs involved in vascular endothelium dysfunction have been reported recently. One example is hsa_circ_0003575 which is found in human umbilical vein endothelial cell (HUVEC) and is increasingly expressed after ox-LDL treatment. In vitro studies suggest the apoptosis of HUVEC was reduced after hsa_circ_0003575 knockdown. Mechanically, it is speculated that hsa_circ_0003575 "sinks" the expression of miRNAs like miR-199-3p and miR-9-5p, all predicted based on bioinformatics though presently without validation. 43 Additionally, hsa_circ_0010729, up-regulated in hypoxic HUVECs, promotes endothelial cell apoptosis after knockdown in vitro. Further analysis found that hsa_-circ_0010729 could suppress the expression of miR-186, which has an inhibitory effect on HIF-1a. 44 Additionally, circHIPK3 enhances endothelium viability by "sponging" miR-30 and therefore increasing the expressions of its target genes like VEGFC, FZD4, and WNT2. 45 Phenotype switching of VSMC is an important molecular mechanism in AS via promoting cellular proliferation. 46 Alpha-smooth muscle actin (a-SMA, alpha-actin-2 or ............................................................................................................................................................ ACTA2) constitutes the contractile apparatus which regulates cell motility, structure, and integrity. Loss of a-SMA is correlated with the phenotypical transition of VSMC from a mature state to a proliferating one, accelerating the development of AS. Recently, it was found that circRNAs also have a regulatory role on their host genes' expression. A case in point is circACTA2 (alpha-actin-2). Transcribed from a-SMA gene, circACTA2 is able to maintain the contractile phenotype of VSMC. Specifically, circACTA2 "sponges" miR-548f-5p, which in turn enhances the mRNA level of its target gene, a-SMA. 47 In addition, circWDR77 stimulates the proliferation and migration of VSMC and contributes to a thickened vessel wall due to an increased fibroblast growth factor 2 expression via down-regulating miR-124. 48 ANRIL, a well-studied antisense lncRNA, is transcribed from the coronary diseases associated INK4/ARF locus on chromosome 9p21 and can suppress vascular intimal overproliferation of thereby delaying AS progression by affecting p15INK4b and inhibiting CDK4. 49 Recently, some circular transcripts of ANRIL (circANRILs) have been identified to assume varying biological roles in the development of AS. For example, the transcript consisting of primatespecific exons 5, 6, and 7 shows a protective effect on AS by increasing apoptosis and decreasing the proliferation of human VSMCs and macrophages. This leads to increased nucleolar stress and stabilized p53 expression, which accounts for its mechanism. 50 Alternatively, the exon 4-6 circularization results in a transcript up-regulation in highrisk patients who are very likely to develop atherosclerotic vascular disease (ASVD) whereas circularized exon 14-5 is less expressed in risk individuals. However, evidence is lacking concerning the underlying mechanism. 51 Thus, it is intriguing to study the functional differences of these differently transcribed transcripts for a better understanding of their potency in AS.
Myocardial infarction
MI constitutes a serious complication of CAD due to the acute occlusion of the coronary artery. Prolonged myocardial ischemia triggers the death of cardiomyocytes, resulting in cardiac insufficiency. 52 Current therapies aim to protect remaining cardiomyocytes by reperfusion of the injured myocardium. So far increasing circRNAs have been reported to affect cardiomyocyte apoptosis, which makes them promising for serving as a novel therapeutic target.
Microarray analysis of circRNA profiling has identified circ-Amot 1, a circRNA with a favored expression in neonate myocardium and whose host gene Amotl 1 regulates endothelium migration and capillary formation and therefore affects cardiovascular performance. Yang et al. found that circ-Amotl1 conducts cardioprotective effects by improving primary cardiomyocyte survival and decreasing apoptosis. Up-regulation of circ-Amotl 1 in vivo rescues the enlarged left ventricle, increases ejection fraction, and inhibits apoptosis induced by doxorubicin. Specifically, circ-Amotl activates AKT signaling by promoting phosphorylated AKT via binding to kinase PDK1. 53 In contrast, a well-known circRNA, Cdr1as (or CiRS-7) previously studied in brain development, has been re-discovered as a detrimental factor for causing myocardial dysfunction post-MI. Increased expression of Cdr1as in cardiomyocytes facilitates apoptosis due to activated caspase-3 as evidenced by an extended infarct size in vivo. Like most circRNAs, Cdr1as "sponges" miR-7 and therefore lifts the inhibitory effect of miR-7 on genes related to hypoxia and apoptosis such as SP1 and poly (ADP-ribose) polymerase. 54 Mitochondria are essential for cardiac sufficiency by providing energy to living cardiomyocytes, and their fission and dysfunction are referred to cardiac diseases including MI and HF. 55 For the first time, Li and coworkers found that a novel circRNA named MFACR can affect cardiomyocyte apoptosis through regulating mitochondrial dynamics. 56 Inhibition of MFACR in mice relieves ischemia/reperfusion-induced mitochondrial fission and cardiac dysfunction, resulting in decreased cardiomyocyte apoptosis and infarct size. Specifically, miR-652-3p is "sponged" by MIRCA and consequently the target gene MTP18, a nuclear-encoded mitochondrial membrane protein promoting mitochondrial fission and . .............................................................................................................................................................. cardiomyocyte apoptosis, is up-regulated. 56 Taken together, this study highlights the regulatory axis of MFACR/miR-652-3p/MTP18 as a novel mechanism underlying cardiac injury as well as the therapeutic value for cardiacrelated diseases.
Cardiomyopathy
Cardiomyopathy represents a spectrum of disorders in the myocardium due to dysfunction of the contractile apparatus, multiple genes, proteins, and signaling pathways. 57, 58 Cardiac hypertrophy signifies an increased risk of developing HF with numerous signaling cascades involved. An anti-hypertrophic circRNA has been found and named as heart-related circRNA (HRCR), whose overexpression inhibits cardiac hypertrophy in an isoproterenol-induced hypertrophy mouse model as well as HF. Specifically, HRCR "sponges" miR-223, resulting in an up-regulation of its target gene ARC (apoptosis inhibitor with CARD domain). Therefore, activated ARC holds back the progression of cardiac hypertrophy in the regulation of HRCR. [59] [60] [61] [62] Recently a large number of circRNAs was found to be transcribed from these cardiomyopathy-related host genes and the dysregulation of circRNA transcription is suggested in the onset of cardiomyopathy. Informatics analysis of these active host genes reveals titin (Ttn), NPPA, and MYH7 being involved in the developmental events, such as regulating cytoskeletal structure, affecting cellular or myocardial movement, packaging myofibril. [63] [64] [65] Other host genes are also suggested in cardiomyopathy including the ryanodine receptor 2 (Ryr2), Ppp2r3a, and Slc8a1. [66] [67] [68] Considering their active transcription in disease models, it is beneficial to study their pathogenic potential in cardiomyopathy. 69 As a further example, Ttn functions as a molecular spring in the muscle and controls the passive elasticity of the myocardium; its mutation may be causative of dilated cardiomyopathy (DCM). 70 -- 72 Recent studies show a differential expression of Ttn-generated circRNAs in the left ventricles of those patients. Meanwhile, Ttn derived circRNAs are found to be lost in DCM model by the cardiac mutation of RNA binding motif protein 20 (RBM20), which is a recognized splicing factor. And considering the fact RBM20 facilitates circRNA production via excluding specific exons from the pre-mRNA as substrates supplied for circRNA formation, the RBM20 null mice demonstrated a down-regulation of Ttn related circRNAs, enlarged left ventricle and decreased cardiac performance. Thus, it is compelling that interfering with certain circRNAs' expression may incur DCM, though more understanding of their general function still remains evasive. 73 Another actively transcribing gene is Ryr2, which regulates the contraction of cardiomyocyte and whose mutation is involved in arrhythmogenic right ventricular cardiomyopathy. Profiling of circRNA repertoire in adult murine hearts has identified a cardiac enrichment of Ryr2-derived circRNAs throughout the whole lifespan of a mouse in contrast to a much lower expression of the linear counterparts. 74 Furthermore, genes coupled with cardiomyopathy, such as ATXN10, CHD7, DNAJC6, and SLC8A1, are under active transcription into circRNAs in b-adrenergic stressstimulated cardiomyocytes which are derived from the human pluripotent stem cells, which has been verified in human DCM samples. And the rodent homologs of these cirRNAs are also verified in rat and mouse disease models. 75 Although experiments are lacking in validating their pathogenic potential and mechanism, their abundance and tight association with diseases-related host genes pose interest for further investigation.
Other cardiovascular diseases
Hypertension is highly indicative for developing CVD, and aortic aneurysm marks a life-threatening vascular disease resulting into aortic dissection or rupture. However, only a few circRNA studies are referred to these diseases and are sufficiently studied. Further investigation remains to be performed for a better understanding of these common diseases.
A circRNA microarray has found 13 down-regulated circRNAs in contrast to 46 up-regulated ones in hypertensive group. Among them, four candidates are significantly expressed and hsa-circ-0005870 and are remarkably downregulated. The pathway analysis related to gene oncology and Kyoto Encyclopedia of Genes and Genomes predict that hsa-circ-0005870 has a regulatory role in hypertension without further validation. 76 Case-control study of essential hypertension has distinguished on has-circ-0037911 with a significant up-regulation in hypertensive participants compared to healthy controls. A positive correlation is also suggested between serum creatinine (Scr) and hascirc-0037911, raising the possibility of a higher expression of has-circ-0037911 in hypertensive nephropathy. 77 Hsa-circ-000595, up-regulated in the vascular tissues of aortic aneurysm patients, is positively associated with apoptotic VSMC. The "sponged" miR-19a by hsa-circ-000595 is suggested to be relevant to the pathological manifestations of aortic aneurysm. 78 A summary of CVD related circRNAs is found in Table 2 .
Limitation and perspective
Burgeoning researches on circRNAs have explored various biological roles by serving as promising regulators in various physiological or pathological conditions. The next generation sequencing technology and experimental innovation such as CRISPR/Cas9-mediated gene editing and adeno-associated virus-mediated in vivo delivery techniques hold promise for a deeper understanding of their biology. 79 Nevertheless, limits and hurdles are emerging with the surge of circRNA study. First, their coding ability remains unclear. In spite of a vast body of ORFs calculated within circRNAs, only a few has been fully investigated. It is suggested that the actual number of coding circRNAs may be underestimated and the function of the coded peptides is poorly investigated. 80 Second, understanding of the way how circRNAs function is far from sufficient. The broadly studied "sponge" effect may not account for the major mechanism considering other possibilities like protein-protein interaction. The variety of mechanisms remains to be investigated more thoroughly.
Moreover, technical limits might retard further investigation into their molecular mechanism, which might be overcome by advances or revolution of experimental techniques. For example, conventional in vivo knockout strategy for a coding gene usually targets its ORF. In contrast, deletion of the whole circRNA sequence is much more complicated given the numerous and dispersed miRNAbinding sites within. 33, 81 It is also rather difficult at present to accurately knockout a circRNA consisting of overlapped exons even in the presence of the latest gene editing technology including CRISPR/Cas9 and CRISPR/Cas13a. 82 Furthermore, present cardiovascular studies of circRNAs are overwhelmingly based on the cellular phenotype rather than disease-oriented. Collateral researches are also lacking in certain diseases, such as arrhythmia, diabetes, HF, and congenital heart disease. Other studies into cardiomyopathy and hypertension, for example, are mostly microarray analysis without following experimental supports.
Since the rapid development of in vivo delivery, geneediting, and modified-RNAs techniques, it is possible that circRNAs can enter clinical trials as therapeutic drugs. Pharmacological utilization of functional circRNAs might serve as promising therapeutic methods in the near future. 83, 84 Moreover, circRNAs hold advantages over other ncRNAs in the clinical translation into novel diagnostics and therapeutics due to their characteristics as highly conserved, stabilized, enriched and wide distributed properties, which highlights a profound diagnostic and therapeutic potential in the treatment of CVD.
Conclusion
In spite of the increasing knowledge of the roles of circRNA in the genetic regulatory network, more efforts are needed to explore their comprehensive and specific roles in the diversified types of CVD. Since next generation sequencing technology assist to discovering multiple pathogenic circRNAs, and novel gene editing technology has extended our understanding of their molecular biology, individualized treatment of CVD by circRNAs might be realized soon in the near future. 
